INTRODUCTION
It is well known that fuzzy relation equations (FREs) are widely used in fuzzy systems, decision making, fuzzy inference, fault diagnosis, etc. The two types of FREs are sup-t composition FREs and inf-implication composition FREs. Much of the research on sup -t composition FREs have been done [1] [2] [3] [4] [5] [6] [7] . Inf-implication composition FREs were first studied by Miyakoshi and Shimbo [8] , where implication is any R-implication. The importance of inf-implication FREs based on Boolean-type implications have been shown in [9] [10] [11] [12] , where Boolean-type implications mainly contain R-implications, S-implications and QL-implications. Inf-implication composition FREs based on Boolean-type implications have the following two cases. 
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There is need to talk about the resolution problem of the two types of fuzzy relation equations based on Boolean-type implications respectively because the two variables of Boolean-type implications 0 are not commutative. We have studied the problem of solving inf-implication fuzzy relation equations (I) and also got better research results, where the implication is any R-implication [11] or S-implication [12] . In the present paper, we propose a uniform treatment of inf-implication composition fuzzy relation equations (I) for all Boolean-type implications.
The structure of the rest of this paper is organized as follows. In Section 2, the decomposition of FREs is presented, and then we solve the simple equations of 0-Implications. Some solvability criteria of FIREs is studied in Section 3. In Section 4, the complete solution set of FREs is obtained based on an effective method to find the maximal solution set, and a numerical example is presented in Section 5 to illustrate the method in this paper. Conclusions are given in Section 6.
DECOMPOSITION OF FRES AND EQUATIONS
OF 0-IMPLICATIONS In this paper, we assume that the universe of discourse is a finite set. Suppose that X --{Xl, x2,..., x~}, Y = {Yl, Y2,..., ym}, Nn = {1,2,..., n}, let F(X) denote the set of all of fuzzy subsets in X, A E F(X), B E F(Y), and R E F(X x Y).
Because X and X x Y are finite, any element of F(X) and F(X x Y) can be denoted by a vector and n x m matrix, respectively.
Let 0 be any Boolean-type implication, for a fuzzy relation equation,
where A, R, B are n x m matrix, m x k matrix and n x k matrix, respectively. Equation (3) can be decomposed as the set of k simpler fuzzy relation equations, 
where alx,~ be a row vector of A, b E [0, 1]. Let v(a, b) be the solution set of equation (5), i.e., rl(a ,b) ={r:ao °r=b}. It is easily observed that equation (3) has a solution iff the k equations of form (4) have at least one solution for all column vectors b of B, and that equation (4) has a solution for an a iff all the n equations of form (5) have at least one common solution for a.
The resolution problem of equation (3) and equation (4) can be converted into the resolution of equation (5), so we first consider the simple equation of the form,
where a, b E [0, 1] are given, equation (6) is actually a special case of equation (5) , n = m = 1.
It is well known that the equations of form (6) do not have to have a solution. So, in this section we mainly discuss the problem of solving equation (6) . Let a@°b and a~°b denote the maximal solution and the minimal solution of equation (6), respectively (if they exist), i.e., a@°b = sup{x e [0, 1]: aOx = b},
If the solution is unique, it is denoted by a ®0 b. Based on the above notation, the maximal solution operator (max-SO) Co and the minimal solution operator (min-SO) @ are defined as follows f a@°b, b e I(a),
It is obvious that (8) is equivalent to the following expression
When equation (6) has a unique solution, max-SO @ and min-SO ~ are defined as follows S a®°b, bEI(a),
For the convenience of denoting the maximal solution matrix, we define the following operator
Some useful properties of Max-SO and Min-SO for any Boolean-type implication are provided in the following. In this section, we mainly discuss some conditions for the existence of the solution of equation (4). We have known equation (4) has a solution iff n equations of form (5) have a common solution, so we establish the following lemma. Based on the above conditions for existence of the solution of equation (5), we can easily get the conditions for existence of the solution of equation (4). Assume that s(h(a), a) = 1, for any QL-implication 0. 
So, from (11) and (12), we get In the following, based on the solution matrices, we propose a sufficient and necessary condition for the existence of the solution of the fuzzy relation equation of form (4). (ii~ i). If F.j = 1, there are the following two cases. Since F is minimal, for any fl,f2 • F, there exist jl • fl and j2 • f2 such that jl ~ f2,j2 ¢~ fl.
In this case, the j2th coordinate of rfl is 1, and the jlth coordinate of rs2 is 1. While both the jl th coordinate of r fl and the jth coordinate of ry 2 are not equal to 1. This means that r f, and r f2 are not comparable. Therefore, M is the maximal subset of the solution set ~(A, b) of the equation (4). I In fact, the proof of Theorem 4.1 provides us a method of calculating all maximal solutions when the fuzzy relation equation of form (4) has a solution, and we present it in the following.
Step 1 Calculate the smallest solution t.
Step 2 Calculate N(i), for any i • Nn, where N(i) = {j • Nm : a~jOtj = bi}.
Step 3 Calculate the solution matrix F = (Fij).
Step 
CONCLUSIONS
In the present paper, the resolution problem of the fuzzy relation equation (I) is studied. The general decomposition of fuzzy relation equations (I) based on Boolean-type implications is first given in a finite case. Then, the solution existence of fuzzy relation equations (I) based on Boolean-type implications is studied, and for nice Boolean-type implications, some new solvability criteria based upon the notion of "solution matrices" are discussed. Finally, an effective method is given to solve the fuzzy relation equation (I) based on Boolean-type implications by introducing the notation of "solution matrices", and the maximal solution set of the fuzzy relation equation (I) is also presented.
